Summary Numbers of intestinal goblet cells containing specific acid mucins were determined in male Sprague-Dawley rats receiving azoxymethane (total dose 90mg kg-1) with or without jejunoileal bypass (JIB). Controls During the latent period of experimental colonic carcinogenesis, changes occur in the relative proportions of specific acid mucins elaborated by the goblet (mucous) cells. Twenty weeks after exposure to azoxymethane or dimethylhydrazine, rats show a substantial increase in the number of goblet cells containing sialomucins as opposed to sulphomucins (Filipe, 1975; . A similar and largely specific hyperplasia of sialomucin cells characterises the adaptive response of the colon and functioning jejunoileum to subtotal enteric bypass, as performed for morbid obesity in man (Olubuyide et al., 1984) . Since this operation stimulates neoplasia as well as hyperplasia in rat large intestine , the distribution of acid mucins was investigated in animals receiving carcinogen with or without jejunoileal bypass. (n = 17), as previously described Olubuyide et al., 1984) . Animals received Oxoid SGI breeding diet (H.C. Styles and Son, Bewdley, Worcs., UK) and water ad libitum. Quarters were lit with alternate 12 h cycles. Besides being weighed weekly, rats were examined daily for evidence of rectal bleeding and diarrhoea. Moribund animals (n = 10) were sacrificed prematurely and autopsied to ascertain the cause of death. Food and water consumption was measured weekly by cage.
During the latent period of experimental colonic carcinogenesis, changes occur in the relative proportions of specific acid mucins elaborated by the goblet (mucous) cells. Twenty weeks after exposure to azoxymethane or dimethylhydrazine, rats show a substantial increase in the number of goblet cells containing sialomucins as opposed to sulphomucins (Filipe, 1975; . A similar and largely specific hyperplasia of sialomucin cells characterises the adaptive response of the colon and functioning jejunoileum to subtotal enteric bypass, as performed for morbid obesity in man (Olubuyide et al., 1984) . Since this operation stimulates neoplasia as well as hyperplasia in rat large intestine , the distribution of acid mucins was investigated in animals receiving carcinogen with or without jejunoileal bypass. (n = 17), as previously described Olubuyide et al., 1984) . Animals received Oxoid SGI breeding diet (H.C. Styles and Son, Bewdley, Worcs., UK) and water ad libitum. Quarters were lit with alternate 12 h cycles. Besides being weighed weekly, rats were examined daily for evidence of rectal bleeding and diarrhoea. Moribund animals (n = 10) were sacrificed prematurely and autopsied to ascertain the cause of death. Food and water consumption was measured weekly by cage.
Materials and methods

Forty
Surviving animals (n = 32) were killed 30 weeks postoperatively by cervical dislocation after exposure to ether. The entire intestinal tract was removed, freed of fat and adhesions and flushed clean with saline. The length of the duodenum (pylorus to ligament of Treitz) and the large intestine (ileocaecal valve to anus) was measured immediately after suspension of the bowel by a fixed weight (3.9 g) against a vertical scale. These segments of gut were laid flat and opened along the antimesenteric border. The mucosa was scrutinised, and all tumours were recorded, excised and fixed in 10% formalin for subsequent histological and histochemical examination, after which the bowel was mopped dry and weighed. Short segments of non-tumour-bearing bowel were cut from the duodenum (mid-way between pylorus and ligament of Treitz), jejunum (9 cm distal to ligament of Treitz), ileum (2 cm proximal to ileocaecal valve), anastomotic junction, proximal colon (85% of distance from anus to ileocaecal valve) and distal colon (40% of distance from anus to ileocaecal valve). These segments were fixed in 10% formalin for 24 h.
Histological specimens were routinely processed for embedding. Later, 3 serial 5pm sections were cut from at least 3 levels in each block. Sections were stained with haematoxylin and eosin (H & E)
for morphometry, high iron diamine-alcian blue for sulphomucins and sialomucins (Spicer, 1965) and periodic acid-Schiff (PAS) for neutral mucins (and some sialomucins) (Pearse, 1968 Intestinal adaptation Azoxymethane alone increased duodenal length and wet weight by 27-34% over values in vehicletreated controls (Table I) . Similarly, the large intestine showed modest but significant increments in length (5%) but not weight, while crypt depth was 11% greater in the proximal colon and 18% greater in the distal colon (Table II) .
All these values were further increased in rats receiving JIB as well as azoxymethane. Again compared with controls, wet weight and length were increased by 87-212% in duodenum and by 16-52% in large intestine. Crypts were 20-30% deeper in proximal and distal colon.
Intestinal tumours JIB virtually doubled the yield of colorectal tumours: rats with sham bypass had 2.1 +0.5 s.e. tumours per rat compared to 4.1 + 0.8 per rat after JIB (P<0.01). The "extra" tumours after JIB were located in the left colon. Two tumours were found in the duodenum, and one in the jejunum. No tumours occurred within the caecum, the defunctioned loop of small bowel or the jejunum and ileum in continuity. Vehicle-treated animals had no tumours. Tumours were more commonly sessile than pedunculated, and their diameter ranged from 2-10 mm. In rats with sham bypass, 30% of the tumours were benign tubular adenomas, and the remainder were adenocarcinomas. After JIB 60% were benign neoplasms. No extra-intestinal tumours were encountered, but one rat with JIB had carcinomatosis peritonei.
Mucin histochemistry As previously found (Olubuyide et al., 1984) , many more goblet cells contained sulphomucins than Mucin secretion within the neoplasms themselves was scanty and unrelated to the degree of cellular atypia.
Discussion
The changes in colonic mucin observed after treatment with a selective carcinogen partially corroborate those reported elsewhere (Filipe, 1975; . There is general agreement that the premalignant colonic epithelium of the rat shows an increased number of goblet cells containing sialomucins, and both Filipe and Shamsuddin have described a similar pattern in the "normal" colonic mucosa of patients with carcinoma of the large bowel (Dawson & Filipe, 1976; Filipe & Branfoot, 1974; . Hyperplasia of goblet cells containing sialomucin is particularly marked in the distal colon, where azoxymethane-induced carcinomas most frequently arise . Since PAS stains some sialomucins (Pearse, 1968) , increased PAS reactivity could either reflect the same phenomenon or indicate a concomitant increase in the production of neutral mucins.
Simple measurements of crypt (and villus) size by means of an eyepiece micrometer do not necessarily reflect changes in epithelial cell populations. However, correlation between these morphometric indices and total cell population is excellent in normal animals (Al-Mukhtar et al., 1982) . In experimental studies correlation is less good, but in general increased villous length and crypt depth are accompanied by an increase in total cell number both in small bowel (Al-Mukhtar et al., 1982) and the colon (Goodlad & Wright, 1983) . Since the colonic crypts chosen for measurement in this study were morphologically normal, changes in depth might reasonably be expected to reflect changes in overall cell number. In particular we did not observe in the selected crypts any areas of focal dysplasia of the kind often seen after the administration of chemical carcinogens.
Our data appear to contradict the previous studies showing that increased sialomucins occur at the expense of the normally predominant sulphomucins (Filipe, 1975; . We find that so far from depleting the mucosa of sulphomucins, azoxymethane increases both types of acid mucin 30 weeks after the last injection. Methodological differences may explain the discrepancy. We (Williamson et al., 1978) . It is interesting that these changes affect the small bowel as well as the colon, since the carcinogens concerned induce tumours at both sites (Williamson et al., 1978; 1980; 1982; Williamson, 1982 (Olubuyide et al., 1984) . The present studies also confirm our previous contention that subtotal enteric bypass stimulates mucosal growth and promotes chemical carcinogenesis in rat colon . It seems likely that JIB has an enhancing effect on a mucosa already primed by the carcinogen; resection of small intestine has a similar response to bypass . The timing of the bypass operation in relation to azoxymethane treatment and the degree of resultant weight loss seem to be critical factors in the development of tumours Williamson, 1980) and may partly explain why colon cancer has not yet been reported after jejunoileal bypass for obesity in man. Filipe has postulated that an increase in sialomucins, which she found to correlate with the presence of epithelial dysplasia in man and the rat, might represent early malignant transformation of the colonic mucosa (Dawson & Filipe, 1976; Filipe, 1975; Filipe & Branfoot, 1974; Filipe et al., 1982) . Our own findings call this hypothesis into question.
We have observed similar (though lesser) changes in mucin after jejunoileal bypass alone (Olubuyide et al., 1984) , an operation which promotes but does not appear to initiate carcinogenesis Olubuyide et al., 1984) . Moreover, the changes occur throughout the intestinal tract, including the ileum, which is very resistant to carcinogenesis (Williamson et al., 1978; 1980) . It seems more likely that a generalised increase in goblet cell numbers is simply one feature of intestinal hyperplasia. Conceivably the bias towards sialomucin production reflects the functional immaturity of epithelial cell in the adapting gut.
